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(54) A display apparatus. 



57) A display apparatus according to this inven- 
tion includes a plurality of pixels, each of which 
is supplied with a pixel data; a pixel capaci- 
tance (Cp) for accumulating an electric charge 
in accordance with the pixel data; a holding 
capacitance (Ch) provided to each of the pixels 
to hold the pixel data ; and a buffer amplifier (2) 
for supplying the electric charge to the pixel 
capacitance (Cp) in accordance with the voltage 
of the holding capacitance (Ch). Another display 
apparatus of this invention includes a plurality 
of pixels, each of which is supplied with a pixel 
data ; a pixel capacitance (Cp) for accumulating 
an electric charge in accordance with the pixel 
data ; a first holding capacitance (Cm) provided 
to each of the pixels in order to hold the pixel 
data; a display changing circuit which is con- 
trolled to be turned on/off by a display changing 
signal; a second holding capacitance ((^2) 
which is supplied with the electric charge by the 
first holding capacitance (Cm) via the display 
changing circuit ; and a buffer amplifier (2) for 
supplying the electric charge to the pixel 
capacitance (Cp) in accordance with the voltage 
of the second holding capacitance (ChJ. 
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The present invention relates to a display appa- 
ratus of an active matrix driving system. 

A display apparatus of an active matrix driving 
system comprises a plurality of scanning signal lines, 
a plurality of data signal lines, and pixels provided to 5 
the respective intersections of the scanning signal 
lines and the data signal lines. Each pixel includes, as 
shown in Figure 29, a switching element 101 and a 
pixel capacitance Cp. The pixel capacitance C P in- 
cludes two electrodes and a display medium there- 10 
between, one of which is connected to a common line 
1 04. The switching element 1 01 is made of a TFT (t hin 
film transistor). A data signal line 102 and the other 
of the electrodes of the pixel capacitance Cp are con- 
nected to each other via the drain and source termi- is 
naJs of the TFT. The gate terminal of the TFT in the 
switching element 101 is connected to a scanning sig- 
nal line 103. Therefore, when the scanning signal line 
103 is activated, the switching element 101 is turned 
on, thereby transferring a pixel data on the data sig- 20 
nal line 102 to the pixel capacitance C P as an electric 
charge. In this manner, an image based on the pixel 
data is displayed. Even after the switching element 
1 01 is turned off, an electric field is applied to the dis- 
play medium by the electric charge accumulated in 25 
the pixel capacitance Cp, and therefore, the dis- 
played image is maintained. 

However, a leak resistor R having a comparative- 
ly small resistance is actually present in parallel with 
the pixel capacitance Cp as shown in Figure 30. 30 
Therefore, the electric charge accumulated in the pix- 
el capacitance C P leaks through the leak resistor R as 
a leak current In addition, since the capacity of the 
pixel capacitance Cp is generally a small as 0.1 pF or 
less, the amount of the electric charge accumulated 35 
in the pixel capacitance Cp is small as shown in Figure 
31. When this small amount of the electric charge 
leaks as a leak current, the voltage is largely de- 
creased. As a result, the electric charge in the pixel 
capacitanoe C P is gradually lost by the leak current 40 
and the voltage is largely decreased during the data- 
holding period between writing periods, when the 
switching element 101 is on and the electric charge 
based on the pixel data is accumulated in the pixel ca- 
pacitance Cp. Such decrease in the voltage of the pix- 45 
el capacitance Cp during the data-holding period 
causes a flicker, that is, visual variation in the dis- 
played image, thereby degrading the display quality. 

A liquid crystal display apparatus is generally 
driven by a so-called alternating driving method, in so 
which the electric field whose polarity is alternately 
changed is applied to the pixel capacitance Cp so as 
to prevent the degradation of the liquid crystal. Also 
in this alternating driving method, the voltage of the 
pixel capacitance Cp is decreased by a leak current 55 
during the data-holding Periods of a positive field and 
a negative field as shown in Figure 32, resulting in the 
o^Vio prcb'crr. cf the d^Qrsd^t!^ ofthe disDlav mini- 



ity. 

As a method for solving this problem, a sample 
and hold circuit as shown in Figure 33 is provided to 
each pixel. This method is disclosed in Japanese 
Laid-Open Patent Publication No. 3-77922. In this 
method, when the switching element 101 is turned 
on, the pixel data is first supplied to a holding capac- 
itance C H (for sampling), and when the switching ele- 
ment 101 is turned off, the electric charge based on 
the pixel data is held in the holding capacitance Ch 
(for holding). Then, a transistor 1 05 supplies an elec- 
tric charge to the pixel capacitance C P through a 
source line 106 in accordance with the voltage of the 
holding capacitance C^ In this circuit, a capacitance 
with a small leak current can be used as the holding 
capacitance Ch because it is merely a capacitance 
element The transistor 1 05 is an N-channel MOSFET 
to which the voltage of the holding capacitance Ch is 
input This transistor 105 together with the pixel ca- 
pacitance Cp as a load forms a voltage follower circuit 
as a buffer amplifier. Therefore, the transistor 1 05 can 
supply a positive electric charge in accordance with 
the voltage of the holding capacitance Ch to the pixel 
capacitance Cp without losing the electric charge of 
the holding capacitance Ch. The pixel capacitance Cp 
is charged so as to have a voltage lower than the vol- 
tage of the holding capacitance C H by the threshold 
voltage of the transistor 105. Therefore, in the pixel 
shown in Figure 33, the supplied pixel data is thor- 
oughly held by the holding capacitance C H , and the 
electric charge based on this pixel data can be con- 
tinuously supplied to the pixel capacitance C P by the 
switching transistor 105. Therefore, the voltage in the 
pixel capacitance Cp is prevented from reducing dur- 
ing the data holding period, and the degradation in 
the display quality is avoided. 

However, in the circuit as is shown in Figure 33, 
the buffer amplifier using the transistor 105 can be 
operated merely unkJirectionally, i.e., it only supplies 
a positive electric charge to the pixel capacitance Cp. 
Therefore, when a pixel data with a smaller amount of 
an electric charge than that of the previously supplied 
pixel data is supplied, the pixel capacitance Cp disad- 
vantageously continues to hold the previous electric 
charge. 

Moreover, in a liquid crystal display apparatus us- 
ing the alternating driving technique, the buffer am- 
plifier only comprising such a unidirectional transistor 
105 can not supply a negative electric charge to the 
pixel capacitance C P . Therefore, such a buffer ampli- 
fier can not be used in the negative field. Thus, it is 
impossible to provide a practical display apparatus. 

The display apparatus of this invention comprises 
a plurality of pixels, each of which is supplied with a 
pixel data; a pixel capacitance for accumulating an 
electric charge in accordance with the pixel data; a 
holding capacitance provided to each of the pixels to 
hold the pixel data; and a buffer amplifier for supply- 
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ing the electric charge to the pixel capacitance in ac- 
cordance with a voltage of the holding capacitance. 

Alternatively, the display apparatus of this inven- 
tion comprises a plurality of pixels, each of which is 
supplied with a pixel data; a pixel capacitance for ac- 
cumulating an electric charge in accordance with the 
pixel data; a first holding capacitance provided to 
each of the pixels to hold the pixel data; a display 
changing circuit which is controlled to be turned on/off 
by a display changing signal; a second holding capac- 
itance which is supplied with the electric charge by 
the first holding capacitance via the display changing 
circuit; and a buffer amplifierfor supplying the electric 
charge to the pixel capacitance in accordance with a 
voltage of the second holding capacitance. 

In one embodiment the buffer amplifier is a bidir- 
ectional amplifier for supplying positive and negative 
charges to the pixel capacitance in accordance with 
a voltage of the second holding capacitance 

In one embodiment the display apparatus fur- 
ther comprises a charging load circuit having a load 
connected in parallel with the pixel capacitance, and 
the pixel capacitance is supplied with the positive and 
negative electric charges by the bidirectional amplifi- 
er, and the positive and negative electric charges 
passes through the charging load circuit via the load. 

In one embodiment the charging load means is 
connected in parallel with the pixel capacitance dur- 
ing a charge supply period including at least a prede- 
termined period from a start of supplying the positive 
and negative electric charges based on a new pixel 
data from the bidirectional amplifier to the pixel ca- 
pacitance, and the display apparatus further compris- 
es a charging load control circuit for cutting off the 
charging load circuit from the pixel capacitance during 
a period except for the charge supply period. 

In one embodiment the display apparatus fur- 
ther comprises a refresh circuit which is controlled to 
be turned on/off by a refresh signal, wherein the pixel 
capacitance is connected to a power supply for dis- 
charging via the refresh circuit 

In one embodiment the display apparatus fur- 
ther comprises a responsive recovery circuit for re- 
peatedly applying positive and negative voltages al- 
ternately to the pixel capacitance by a response re- 
covery signal. 

In one embodiment a capacity of the second 
holding capacitance is sufficiently smaller than a ca- 
pacitance of the first holding capacitance. 

In one embodiment the display apparatus fur- 
ther comprises a second buffer amplifier connected 
between the first holding capacitance and the second 
holding capacitance. 

In one embodiment the display apparatus fur- 
ther comprises a preventing means connected be- 
tween a common line and a ground line, both of which 
are connected to the buffer amplifying means, for pre- 
venting a current flowing between the common line 



and the ground line through the buffer amplifying 
means. 

In one embodiment all the transistors used in an 
area where the plurality of the pixels are formed are 
5 of one kind selected from the group consisting of P- 
channel and N-channel. 

In one embodiment the display apparatus fur- 
ther comprises a pixel data selecting means provided 
between a switching element and a data line for sup- 
to plying the pixel data, and the switching element is 
connected between the first holding capacitance and 
the data line. 

In one display apparatus according to the present 
invention, a pixel data supplied to each pixel is once 

15 held by a holding capacitance. Since the holding ca- 
pacitance is merely a capacitance element, a capac- 
itance with an extremely small leak current can be 
used as the holding capacitance unlike a pixel capac- 
itance used for display. A bidirectional amplifier sup- 

20 plies a positive or negative electric charge to the pixel 
capacitance in accordance with the voltage of the 
holding capacitance holding the pixel data. Since the 
bidirectional amplifier is a buffer amplifier having a 
large input impedance and a small output impedance, 

25 it can continue to supply an electric charge to the pixel 
capacitance in accordance with the holding capaci- 
tance without losing the electric charge held in the 
holding capacitance. Moreover, when the voltage of 
the holding capacitance is higher than the voltage of 

30 the pixel capacitance, the bidirectional amplifier sup- 
plies a positive electric charge to the pixel capaci- 
tance. When the voltage of the holding capacitance 
is lower than the voltage of the pixel capacitance, the 
bidirectional amplifier supplies a negative electric 

35 charge to the pixel capacitance. Therefore, the sup- 
plied pixel data is thoroughly held by the holding ca- 
pacitance in each pixel, and the decrease in the elec- 
tric charge in the pixel capacitance due to a leak cur- 
rent can be compensated by the bidirectional amplh 

40 f ier. In this manner, a clear display can be maintained 
for a long period of time. Moreover, the bidirectional 
amplifier can supply positive and negative electric 
charges. Therefore, even when the amount of the 
electric charge in accordance with a new pixel data is 

45 smaller than that of the previous pixel data, or when 
positive and negative charges in accordance with pix- 
el data are alternately supplied, the electric charge in 
accordance with the new pixel data is thoroughly sup- 
plied to the pixel capacitance. 

so Alternatively, in another display apparatus of this 
invention, a pixel data supplied to each pixel is first 
held by a first holding capacitance. When a display 
changing circuit is turned on by activating a display 
changing signal, the electric charge is supplied from 

55 the first holding capacitance holding the pixcel data 
to a second holding capacitance, and a bidirectional 
amplifier supplies a positive or negative electric 
charge to the pixel capacitance in accordance with 



5 



EP 0 586 155 A2 



6 



the voltage of the second holding capacitance. Ac- 
cordingly, during the writing period in which the sup- 
plied pixel data is being accumulated in the first hold- 
ing capacitance, the bidirectional amplifier continues 
to supply an electric charge to the pixel capacitance s 
in accordance with the voltage of the second holding 
capacitance. As a result, a display based on the pre- 
vious pixel data is maintained during this period. 

Alternatively, in still another display apparatus of 
this invention, a larger current than an inherent leak 10 
current from a pixel capacitance flows through a 
charging load circuit, which is connected in parallel 
with the pixel capacitance. When such a current 
flows through the charging load circuit, the voltage of 
the pixel capacitance is always maintained at a value 15 
which is less or more than the value of an input vol- 
tage toward the value of a common voltage by the val- 
ue of the threshold voltage or more. Therefore, the 
transistor as an output means is not completely 
turned off, thereby ensuring a voltage adjusting funo- 20 
tion of the bidirectional amplifier. Accordingly, the vol- 
tage of the pixel capacitance is stabilized, thereby 
maintaining a further clear display for a long period of 
time. 

Moreover, when a refresh circuit is turned on by 25 
activating a refresh signal, the pixel capacitance is di- 
rectly connected to a power source. Therefore, the 
electric charge in the pixel capacitance can be pre- 
charged or discharged by a buffer amplifier. As a re- 
sult, if this precharge or discharge is conducted when 30 
a new pixel data is held by the holding capacitance, 
the electric charge in accordance with the new pixel 
data can be supplied to the pixel capacitance. There- 
fore, although the buffer amplifier is a unidirectional 
circuit merely for supplying a positive or negative eJec- 35 
trie charge, even when the amount of the electric 
charge in accordance with a new pixel data is smaller 
than that of the previous pixel data, orwhen a positive 
and negative electric charges in accordance with pix- 
el data are alternately supplied, the electric charge in 40 
accordance with the new pixel data is thoroughly sup- 
plied to the pixel capacitance. 

Furthermore, the responding property of a liquid 
crystal can be recovered, when a positive and nega- 
tive electric field is alternately applied to the pixel ca- 45 
pacitance repeatedly at a rate of a cutoff frequency or 
faster by sending a response recovery signal to a re- 
sponse recovery circuit ff the response recovery cir- 
cuit finally applies a positive or negative voltage to the 
pixel capacitance, the pixel capacitance can be pre- 50 
charged or discharged to a predetermined voltage. 
Therefore, if a voltage is applied to the pixel capaci- 
tance by the response recovery circuit when a new 
pixel data is held by the holding capacitance, the re- 
sponding property of the pixel capacitance is recov- 55 
ered as well as an electric charge in accordance with 
the new pixel data can be thoroughly supplied to the 
pixel capacitance. 



In a circuit including the second holding capaci- 
tance, the electric charge is distributed to both the 
first and the second holding capacitances, thereby 
degrading the voltage of the first holding capacitance 
holding the pixel data. In order to minimize the deg- 
radation in the voltage, the capacity of the second 
holding capacitance should be sufficiently smaller 
than the capacity of the first holding capacitance. 
Further, when another buffer amplifier is disposed 
between the first and the second holding capacitanc- 
es, the electric charge in accordance with the voltage 
of the first holding capacitance can be supplied to the 
second holding capacitance without losing the elec- 
tric charge of the first holding capacitance. 

Thus, the invention described herein makes pos- 
sible the advantages of (1) providing a display appa- 
ratus in which pixel data are thoroughly held so as to 
maintain a clear display for a long period of time; (2) 
providing a display apparatus in which pixel data 
whose level and polarity are successively varied are 
thoroughly held so as to maintain a clear display for 
a long period of time; and (3) providing a liquid crystal 
display apparatus in which the responding property of 
a liquid crystal is prevented from degrading. 

These and other advantages of the present in- 
vention wOl become apparent to those skilled in the 
art upon reading and understanding the following de- 
tailed description with reference to the accompanying 
figures. 

Figure 1 is a circuit block diagram for the struc- 
ture of a pixcel according to Example 1 of this inven- 
tion. 

Figure 2 is a specific circuit diagram of the pixel 
of Figure 1. 

Figure 3 is a circuit block diagram for the struc- 
ture of a pixel according to Example 2 of this inven- 
tion. 

Figure 4 is a specific circuit diagram of the pixel 
of Figure 2. 

Figure 5 is a specific circuit diagram of a pixel ac- 
cording to Example 3 of this invention. 

Figure 6 is a specific circuit diagram of a pixel ac- 
cording to Example 4 of this invention. 

Figure 7 is a time chart of a voltage of a pixel ca- 
pacitance according to Example 4 of this invention. 

Figure 8 is a specific circuit diagram of a pixel ac- 
cording to Example 5 of this invention. 

Figure 9 is a time chart of a timing of a charging 
load control signal according to Example 5 of this in- 
vention. 

Figure 10 is a circuit block diagram for the struc- 
ture of a pixel according to Example 6 of this inven- 
tion. 

Figure 11 is a circuit block diagram for a modified 
structure of the pixel of Figure 10. 

Figure 1 2 is a circuit block diagram for a modified 
structure of the pixel of Figure 11. 

Figure 13 is a circuit block diagram in which a se- 
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lecting circuit is added to the pixel of Figure 12. 

Figure 14 is a circuit block diagram for a liquid 
crystal display apparatus according to Example 6 of 
this invention. 

Figure 15 is a schematic block diagram of a liquid 
crystal display apparatus of this invention. 

Figure 16 shows a specific circuit layout of the cir- 
cuit block diagram of Figure 14. 

Figure 17 is time chart of the operation of the liq- 
uid crystal display apparatus of Example 6 of this in- 10 
vention. 

Figure 18 is a structural diagram showing an ex- 
ample in which the liquid crystal display apparatus of 
Example 6 is used together with a fast color variable 
filter. is 

Figure 19 is a circuit block diagram for the struc- 
ture of a pixel according to Example 7 of this inven- 
tion. 

Figure 20 is a time chart of a voltage applied to a 
pixel capacitance according to Example 7 of this in- 20 
vention. 

Figure 21 shows the dipoles of a liquid crystal 
molecule. 

Figure 22 shows the frequency characteristics of 
the dipoles of a liquid crystal molecule. 25 

Figure 23 is a circuit block diagram for the struc- 
ture of a pixel according to Example 8 of this inven- 
tion. 

Figure 24 is a circuit block diagram for the struc- 
ture of a pixel according to Example 9 of this inven- 30 
tion. 

Figure 25 is a circuit block diagram for the struc- 
ture of a pixel according to Example 10 of this inven- 
tion. 

Figure 26 a sectional view of an example of the 35 
structure of the liquid crystal display apparatus of this 
invention. 

Figure 27 is a schematical view of the structure 
of the liquid crystal display apparatus of this inven- 
tion. 40 

Figure 28 is a perspective view for showing the 
position of a LSI circuit in the liquid crystal display ap- 
paratus of this invention. 

Figure 29 is a circuit block diagram for the struc- 
ture of a conventional pixel. 45 

Figure 30 is a circuit diagram of the conventional 
pixel. 

Figure 31 is a time chart of a voltage of a conven- 
tional pixel capacitance. 

Figure 32 is a time chart of a voltage of a conven- so 
tional pixel capacitance in a display apparatus of an 
alternating driving system. 

Figure 33 is a circuit diagram of a conventional 
pixel including a sample and hold circuit 

Figure 34 is a circuit block diagram for a conven- 55 
tional liquid crystal display apparatus. 

The present invention will now be described by 
way of examples referring to the accompanying draw- 



ings. Like reference numerals are used to refer to like 
elements throughout 

Example 1 

Figure 1 is a circuit block diagram for a pixel of 
this example and Figure 2 is a specific circuit diagram 
for the pixel of Figure 1. 

Each pixel of a liquid crystal display apparatus of 
this example has, as shown in Figure 1 , a sample and 
hold circuit, i.e., a circuit including a holding capaci- 
tance Ch formed on a substrate as a capacitance ele- 
ment and a pixel capacitance C P including a liquid 
crystal provided as a display element To one elec- 
trode of the holding capacitance Ch is supplied a data 
signal via a switching element 1 . This electrode of the 
holding capacitance Ch is also connected to an input 
terminal of a bidirectional amplifier 2. The switching 
element 1 is a circuit element which is controlled to be 
turned on/off by a scanning signal, and is formed, for 
example, as a N-channel MOSFETas is shown in Fig- 
ure 2. The output terminal of the bidirectional ampli- 
fier 2 is connected to one electrode of the pixel capac- 
itance Cp. The other electrodes of the holding capac- 
itance C H and the pixel capacitance Cp are connected 
to a common line 3. 

The power sources of the bidirectional amplifier 
2 are connected to a high voltage source line 4 and a 
ground (low voltage source) line 5 via switching ele- 
ments 6 and 7, respectively. The switching element 6 
is a circuit which is turned on and connects the power 
source of the bidirectional amplifier 2 to the high vol- 
tage source line 4 when a polarity changing signal in- 
dicates a positive field. The polarity changing signal 
is a signal output from a control circuit (not shown) for 
indicating the polarity of a data signal supplied in the 
alternating driving of the liquid crystal display appa- 
ratus. In the circuit shown in Figure 2, the switching 
element 6 is formed by a N-channel MOSFET and is 
on when the polarity changing signal is at a high level. 
The switching element 7 is a circuit which is on and 
connects the bidirectional amplifier 2 to the ground 
line 5 when the polarity changing signal indicates a 
negative field. In the circuit shown in Figure 2, the 
switching element 7 is formed by a P-channel MOS- 
FET and is on when the polarity changing signal is at 
a low level. 

The bidirectional amplifier 2 is a buffer amplifier 
with a large input impedance and a small output im- 
pedance. In the circuit shown in Figure 2, the bidirec- 
tional amplifier 2 is formed by a N-channel MOSFET 
and a P-channel MOSFET, and can supply positive 
and negative electric charges. When the potential of 
the high voltage source line 4 is taken as V EE and the 
potential of the ground line 5 is taken as GND, the po- 
tential Vcom of the common line 3 is settled at an ap- 
proximately medium value between the V EE and the 
GND. Therefore, when the voltage of the holding ca- 
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pacitance C H is positive with regard to the potential 
v*com> the bidirectional amplifier 2 supplies a current 
from the high voltage source line 4 to charge the pixel 
capacitance C P . When the voltage of the holding ca- 
pacitance Ch is negative, with regard to the potential 
Vcom, a current is drawn from the bidirectional ampli- 
fier 2 to the ground line 5 to discharge the pixel ca- 
pacitance C P . Thus, the pixel capacitance Cp is set- 
tled to have a voltage in accordance with the voltage 
of the holding capacitance Ch. 

In each pixel having the above-mentioned struc- 
ture, the switching element 1 is turned on by activat- 
ing a scanning signal, thereby supplying a data signal 
of a pixel data to the holding capacitance Ch (for sam- 
pling) and holding the data signal by the holding ca- 
pacitance Ch by turning off the switching element 1 
(for holding). Therefore, the switching element 1, the 
holding capacitance C H and the bidiretional amplifier 
a form a sample and hold circuit Since the holding ca- 
pacitance Ch is formed as a capacitance element, a 
leak current is scarcely caused. Therefore, even a 
holding capacitance Ch having a capacity of 1 pF or 
less can thoroughly hold an electric charge for about 
ten ms. The data signal is supplied, while alternately 
changing t he polarity thereof with respect to the com- 
mon line 3. Hie polarity changing signal also indicates 
the polarity of the supplied data signal. Therefore, 
when the data signal is held by the holding capaci- 
tance C H , the switching element 6 is turned on in the 
positive field, thereby charging the pixel capacitance 
C P until the bidirectional amplifier 2 has a voltage in 
accordance with the voltage of the holding capaci- 
tance C H . The switching element 7 is turned on in the 
negative field, thereby discharging the pixel capaci- 
tance C P until the bidirectional amplifier 2 has a vol- 
tage in accordance with the voltage of the holding ca- 
pacitance Ch. In the circuit shown in Figure 2, since 
all the MOSFETs are enhancement mode transistors, 
the pixel capacitance Cp is charged so as to have a 
voltage lower than the positive voltage of the holding 
capacitance C H by the threshold voltage of the N- 
channel MOSFET, or discharged so as to have a vol- 
tage higher than the negative voltage of the holding 
capacitance Ch by the threshold voltage of the P- 
channel MOSFET. 

As a result, in each pixel, a data signal supplied 
via the switching element 1 can be thoroughly held by 
the holding capacitance Ch. Accordingly, when the 
voltage of the pixel capacitance C P is decreased due 
to a leak current, the bidirectional amplifier 2 can 
compensate this decrease, thereby maintaining a 
clear display for a long period of time. 

Example 2 

Figure 3 is a circuit block diagram for a pixel of 
this example, and Figure 4 is a specific circuit dia- 
gram for the pixel of Figure 3. 



In this example, the sample and hold circuit of the 
pixel of Example 1 is replaced with that of a master- 
slave system. 

In this example, as is shown in Figures 3 and 4, 

5 the sample and hold circuit of Example 1 is replaced 
with two pairs of sample and hold circuits one of which 
includes the switching element 1, a first holding ca- 
pacitance Chi and the bidirectional amplifier 2, and 
the other of which includes a switching element 8, a 

10 second holding capacitance C^ and a bidirectional 
amplifier 9. A data signal is supplied to the first hold- 
ing capacitance C Hi via the switching element 1. In 
accordance with the voltage of the first holding ca- 
pacitance Chi, the bidirectional amplifier 2 charges or 

15 discharges the second holding capacitance Ch2 via 
the switching element 8. In accordance with the vol- 
tage of the second holding capacitance C^, the bidir- 
ectional amplifier 9 charges or discharges the pixel 
capacitance Cp. The switching element 1 is controlled 

20 to be turned on/off by a first scanning signal, and the 
switching element 8 is controlled to be turned on/off 
by a second scanning signal. 

In the pixel of Example 1 shown in Figure 1, it is 
impossible to rapidly change the electric charge of the 

25 pixel capacitance Cp, if the writing period, when the 
switching element 1 is on, is long. However, in this ex- 
ample, the data signal supplied to each pixel is held 
by the first holding capacitance C H1 by activating a 
first scanning signal. When a second scanning signal 

30 is activated after the first scanning signal is deactivat- 
ed, the bidirectional amplifier 2 charges or discharges 
the second holding capacitance C^ via the switching 
element 8. In response to this charging or discharg- 
ing, the pixel capacitance C P is charged or discharged 

35 by the bidirectional amplifier 9. Therefore, the voltage 
of the pixel capacitance Cp is maintained by the sec- 
ond holding capacitance Ch2 during the writing period 
when the first scanning signal is active and the 
switching element 1 is on. As a result, a display based 

40 on the previous data signal can be maintained during 
the writing period. 

Accordingly, this example makes it possible to 
maintain a display based on the previous data signal 
during the writing period and to change the electric 

45 charge of the pixel capacitance Cp in a short time by 
using a second scanning signal, even if the writing 
period for supplying a data signal to a pixel is long. 

Example 3 

so 

Figure 5 is a specific circuit diagram for a pixel of 
this example. 

In this example, the first holding capacitance Chi, 
which is used in Example 2 and shown in Figures 3 
55 and 4, is divided into a first holding capacitances Chu 
and C H i2, and the bidirectional amplifier 2 of Example 
2 is omitted. Therefore, in this example, when thef irst 
*^nninn signal is active, the two switching elements 
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1 are on. A data signal is then supplied to the first 
holding capacitance Chu, and the electric charge 
held by the first holding capacitance Ch 12 is distribut- 
ed to the second holding capacitance Ch* When the 
second scanning signal is active, the two switching 5 
elements 8 are on. A data signal is supplied to the first 
holding capacitance Ch 12 , and the electric charge 
held by the first holding capacitance Chu is distribut- 
ed to the second holding capacitance Ch* 

In order to avoid the influence of voltage degra- 10 
dation caused by the distribution of the electric 
charge held in the first holding capacitances Chu and 
C H i2 to the second holding capacitance C^, it is nec- 
essary to make the capacitance of the second hold- 
ing capacitance Ch2 sufficiently smaller than the ca- is 
pacitances of the first holding capacitances Chu and 

Chi2* 

Example 4 

20 

Figure 6 is a specific circuit diagram for a pixel of 
this example and Figure 7 is a time chart showing the 
voltage of a pixel capacitance of this exemple. 

In this example, the switching elements elements 
6 and 7 of Example 1 are not used as is shown in Fig- 25 
ure 6. 

In this example, as in the circuit of Example 1 
shown in Figure 2, to one electrode of the holding ca- 
pacitance Ch is input a data signal via the switching 
element 1 , and this electrode is connected to the input 30 
terminal of the bidirectional amplifier 2. The other 
electrode of the holding capacitance Ch is connected 
to the common line 3. One electrode of the pixel ca- 
pacitance Cp is connected to the output terminal of 
the bidirectional amplifier 2, and the other electrode 35 
is connected to the common line 3. In the circuit of 
Figure 6, the bidirectional amplifier 2 is formed by a 
N-channel MOSFET 2a and a P-channel MOSFET 
2b. The gate terminals of these MOSFETs 2a and 2b 
are connected to each other to provide the input ter- 40 
minal of the bidirectional amplifier 2, and the source 
terminals thereof are connected to each other to pro- 
vide the output terminal of the bidirectional amplifier 
2. 

In the bidirectional amplifier 2, the drain terminal 45 
of the N-channel MOSFET 2a is directly connected to 
the high voltage source line 4, and the drain terminal 
of the P-channel MOSFET 2b is directly connected to 
the ground line 5. Also in such a circuit excluding the 
switching elements 6 and 7, the N-channel MOSFET so 
2a alone is activated in the positive field and a current 
is supplied from the high voltage source line 4 to 
charge the pixel capacitance Cp. The P-channel 
MOSFET 2b alone is activated in the negative field, 
and a current is drawn to the ground line 5 to dis- 55 
charge the pixel capacitance C P . Moreover, when the 
voltage of the holding capacitance Ch becomes high- 
er than the voltage of the pixel capacitance Cp by the 



threshold voltage of the N-channel MOSFET 2a, the 
N-channel MOSFET 2a alone is activated and a cur- 
rent can be supplied from the high voltage source line 
4 to the pixel capacitance Cp. When the voltage of the 
holding capacitance Ch becomes lower than the vol- 
tage of the pixel capacitance C P by the threshold vol- 
tage of the P-channel MOSFET 2b, the P-channel 
MOSFET 2b alone is activated and a current is drawn 
from the pixel capacitance C P to the ground line 5. 
Therefore, since the voltage of the pixel capacitance 
C P can follow the holding capacitance Ch even when 
the voltage of the holding capacitance Ch varies in 
the same polarity, the structure of this example can 
also be used in a display apparatus that is not driven 
by the alternating driving technique unlikely to in this 
example. 

In the alternating driving of the pixel with the 
above-mentioned structure, the beginnings of the 
positive and the negative fields correspond to the 
writing period, and the periods thereafter are the data 
holding periods. For example, during the writing per- 
iod in the positive field, a scanning signal is activated 
to turn the switching element 1 on, thereby supplying 
a positive data signal to the holding capacitance Ch. 
Moreover, when the voltage of the holding capaci- 
tance Ch is raised by the supply of the data signal, the 
N-channel MOSFET 2a of the bidirectional amplifier 
2 is activated to supply a current from the high voltage 
source line 4 to the pixel capacitance C P . As a result, 
the voltage of the pixel capacitance C P is also raised 
as is shown in Figure 7. At this point, the voltage of 
the pixel capacitance Cp is raised to a voltage which 
is lowers than the positive voltage of the holding ca- 
pacitance Ch by the threshold voltage of the N-chan- 
nel MOSFET 2a, resulting in charging the pixel capac- 
itance Cp so as to have a voltage approximately in ac- 
cordance with the data signal. When the period is 
changed to the data holding period in the positive 
field, the switching element 1 is turned off and the 
holding capacitance Ch holds the voltage at the end 
of the writing period. Therefore, whenever the voltage 
of the pixel capacitance Cp is decreased due to a leak 
current, the N-channel MOSFET 2a compensates 
the decrease, resulting in maintaining the same vol- 
tage level as shown in Figure 7. 

Also during the writing period in the negative 
field, a scanning signal is activated to turn the switch- 
ing element 1 on. Since the holding capacitance Ch 
is supplied with a negative data signal, the voltage of 
the holding capacitance Ch is decreased to have a po- 
tential lower than the potential Vqcm of the common 
line 3. Then, the P-channel MOSFET 2b of the bidir- 
ectional amplifier 2 is activated, and a current is 
drawn to the ground line 5 from the pixel capacitance 
C P . As a result, the voltage of the pixel capacitance 
C P is also decreased as shown in Figure 7. At this 
point, the voltage of the pixel capacitance Cp is de- 
creased to a voltage which is higher than the negative 
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voltage of the holding capacitance Ch by the thresh- 
old voltage of the P-channel MOSFET 2b. As a result, 
the pixel capacitance C P is discharged so as to have 
a voltage approximately in accordance with the data 
signal. When the period is changed to the data hold- s 
ing period in the negative field, the switching element 
1 is turned off and the holding capacitance Ch holds 
the voltage at the end of the writing period. Therefore, 
whenever the voltage of the pixel capacitance C P is 
increased due to a leak current, the P-channel MOS- 10 
FET 2b compensates this increase, resulting in main- 
taining the same voltage level as shown in Figure 7. 

As a result, also in the pixel of this example, a 
data signal supplied through the switching element 1 
is thoroughly held by the holding capacitance Ch. 15 
When the voltage of the pixel capacitance Cp is de- 
creased due to a leak current, the bidirectional ampli- 
fier 2 can compensate the decrease. As a result, a 
clear display can be maintained for a long period of 
time. 20 

Examples 

Figure 8 is a specific circuit diagram for a pixel of 
this example and Figure 9 is a time chart for showing 25 
the timing of a electric charging load control signal. 

In this example, a charging load circuit is added 
to the circuit of Example 4 as shown in Figure 8. The 
switching element 1, the bidirectional amplifier 2, the 
holding capacitance Ch and the pixel capacitance Cp 30 
are the same as in Example 4 shown in Figure 6. The 
difference is a charging load circuit 21 provided in par- 
allel with the pixel capacitance Cp in this example. 

The charging load circuit 21 is formed by a N- 
channel MOSFET 21a and a P-channel MOSFET 35 
21b. These MOSFETs 21a and 21b have a sufficient 
channel length, thereby providing a large ON resis- 
tance. The source terminals of the MOSFETS 21a 
and 21 b are connected to each other to be connected 
to one electrode of the pixel capacitance Cp, which is 40 
connected to the output terminal of the bidirectional 
amplifier 2. The drain terminals of the MOSFETs 21a 
and 21 b are connected to the common line 3. Acharg- 
ing load control signal is input to the gate terminal of 
the N-channel MOSFET 21a, and the charging load 45 
control signal is inverted by an inverter 22 to input to 
the gate terminal of the P-channel MOSFET 21b. 
Therefore, when the charging load control signal is at 
a high level, a current flows from the output terminal 
of the bidirectional amplifier 2 through the P-channel so 
MOSFET 21b having a large ON resistance to the 
common line 3 in the positive field. In the negative 
field, a current flows from the common line 3 through 
the N-channel MOSFET 21a with a large ON resis- 
tance to the output terminal of the bidirectional ampin 55 
f ier 2. Moreover, when the charging load control sig- 
nal is at a low level, both the MOSFETs 21a and 21b 
am ti irncwH off therehv cuttina off the charging load 
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circuit 21. The charging load control signal becomes 
high for a certain period of time including the writing 
periods in the positive and negative fields, and is out- 
put from a control circuit (not shown). 

The operation of the pixel having the above- 
mentioned structure in the alternating driving is al- 
most the same as in Example 4. However, in Example 
4, the bidirectional amplifier 2 works together with 
the pixel capacitance C P alone as a load. Therefore, 
for example, at the end of the writing period in the 
positive field, when the voltage of the pixel capaci- 
tance Cp is raised nearly to a voltage which is lower 
than the voltage of the holding capacitance Ch by the 
threshold voltage of the N-channel MOSFET 2a 
(hereinafter referred to the "positive full charge vol- 
tage"), the N-channe! MOSFET 2a is turned off. 
Therefore, the output impedance of the bidirectional 
amplifier 2 becomes high, resulting in an unstable vol- 
tage of the pixel capacitance Cp. When the voltage of 
the pixel capacitance C P becomes higher than the 
positive full charge voltage due to a switching noise 
and the like, the N-channel MOSFET 2a is completely 
turned off. Moreover, the P-channel MOSFET 2b re- 
mains to be off unless the voltage of the pixel capac- 
itance Cp is further raised to a voltage which is higher 
than the voltage of the holding capacitance Ch by the 
threshold voltage of the P-channel MOSFET 2b. In 
such a case, the voltage of the pixel capacitance C P 
is gradually decreased down to the positive full 
charge voltage due to a leak current during the data 
holding period, resulting in a little variation in the dis- 
played image or the flicker. Moreover, also in the neg- 
ative field, if the voltage of the pixel capacitance C P 
is raised to a voltage which is higher than the voltage 
of the holding capacitance Ch by the threshold vol- 
tage of the P-channel MOSFET 2b (hereinafter refer- 
red to as the "negative full charge voltage"), the vol- 
tage of the pixel capacitance Cp is gradually in- 
creased due to a leak current during the data holding 
period, resulting in causing a similar variation in the 
displayed image or the flicker. 

In this example, however, as is shown in Figure 
9, a scanning signal is activated during the writing 
periods at the beginning of the positive and the neg- 
ative fields, and at the same time, the charging load 
control signal becomes high. Then, the charging load 
control signal become low, a short period after the 
writing period is over and the scanning signal is de- 
activated. Then, for example, in the positive field, 
since the charging load control signal is also at a high 
level during the writing period, a current supplied by 
the N-channel MOSFET 2a of the bidirectional ampli- 
fier 2 not only charges the pixel capacitance Cp but 
also leaks through the P-channel MOSFET 21 b in the 
charging load circuit 21 to the common line 3. There- 
fore, in this case, since the output impedance of the 
bidirectional amplifier 2 does not exceed the ON re- 
sistance of the P-channel MOSFET 21b, the voltage 
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of the pixel capacitance C P stably rises nearly to the 
positive full charge voltage. When the writing period 
is over and the data holding period starts, the charg- 
ing load control signal becomes low, thereby cutting 
off the charging load circuit 21 from the pixel capac- 5 
rtance C P . At this point, since the voltage of the pixel 
capacitance Cp is stable at a value slightly lower than 
the positive full charge voltage, the bidirectional am- 
plifier 2 can maintain the voltage of the pixel capaci- 
tance Cp also during the following data holding period. 10 
Also in the negative field, since the charging load 
control signal is at a high level during the writing per- 
iod, the P-channel MOSFET 2b of the bidirectional 
amplifier 2 not only discharges the pixel capacitance 
C P but also draws a current from the common line 3 15 
through the N-channel MOSFET 21a in the charging 
load circuit 21 . Therefore, also in this case, since the 
output impedance of the bidirectional amplifier 2 does 
not exceed the ON resistance of the N-channel MOS- 
FET 21a, the voltage of the pixel capacitance Cp sta- 20 
bly decreases nearly to the negative full discharge 
voltage. When the writing period is over and the data 
holding period starts, the charging toad control signal 
becomes low, thereby cutting off the charging load 
circuit 21 from the pixel capacitance Cp. At this point, 25 
the voltage of the pixel capacitance C P is stable at a 
value slightly higher than the negative full charge vol- 
tage. Therefore, the bidirectional amplifier 2 can 
maintain the voltage of the pixel capacitance Cp also 
during the following data holding period. 30 

The charging load circuit 21 can be formed by an 
ordinary resistance element and the like only to sta- 
bflize the voltage of the pixel capacitance Cp. In such 
a case, however, the increase in the used power can 
become too large to ignore because a current is al- 35 
ways flowing through the charging load circuit 21. 
Therefore, when the charging load circuit 21 is 
formed by the MOSFETs 21a and 21 b having a large 
ON resistance and controlled by the charging load 
control signal as in this example, the MOSFETs work 40 
as resistances during the writing period, and the 
charging load circuit 21 can be cut off from the pixel 
capacitance Cp during the data holding period. As a 
result, the power loss can be prevented from increas- 
ing. 45 

As a result, in this example, since a current flows 
through the charging load circuit 21 during the charg- 
ing and discharging of the pixel capacitance Cp, the 
MOSFETs 2a and 2b of the bidirectional amplifier 2 
are not turned completely off. Thus, the voltage of the so 
pixel capacitance Cp can be stabilized, thereby main- 
taining a further clear display for a long period of time. 
Moreover, when the voltage of the pixel capacitance 
Cp is stabilized after the writing period, the increase 
in the power loss can be avoided by cutting off the 55 
charging load circuit21 by a charging load control sig- 
nal. 



connected to the pixel capacitance Cp of Example 4, 
but a similar charging load circuit can be connected 
to any of the pixel capacitances Cp in other examples. 

Example 6 

Figure 1 0 a circuit block diagram for a pixel of this 
example. 

In this example, a liquid crystal display apparatus 
of an active matrix driving system used for a liquid 
crystal television will be described. 

Each pixel of the liquid crystal display apparatus 
of this example has, as is shown in Figure 10, a sam- 
ple and hold circuit Each pixel has the holding capac- 
itance C H formed on a substrate as a capacitance ele- 
ment and the pixel capacitance Cp including a liquid 
crystal provided as a display element To one elec- 
trode of the holding capacitance Ch is input a data sig- 
nal via a switching element 31, This electrode of the 
holding capacitance Ch is connected to the input ter- 
minal of a buffer amplifier 32. The switching element 
31 is a circuit element which is controlled to be turned 
on/off by a scanning signal. The output terminal of the 
buffer amplifier 32 is connected to one electrode of 
the pixel capacitance Cp. This electrode of the pixel 
capacitance Cp is connected to a ground line 34 via 
a switching element 33. The switching element 33 is 
a circuit element which is controlled to be turned 
on/off by a refresh signal. The other electrodes of the 
holding capacitance Ch and the pixel capacitance C P 
are connected to a common line 35. 

The buffer ampl if ier32 is an amplifier which is op- 
erated by using a high voltage source line 36 and the 
ground line 34 as power supplies and has a large input 
impedance and a small output impedance. When the 
potentials of the high voltage source line 36 and the 
ground line 34 are taken as and GND, respective- 
ly, the potential Voom of the common line 35 is settled 
at an approximately medium value between the Vee 
and the GND. Therefore, the buffer amplifier 32 sup- 
plies a current from the high voltage source line 36 so 
as to make the pixel capacitance Cp have a voltage 
in accordance with the voltage of the holding capac- 
itance Ch, thereby charging the pixel capacitance Cp. 
When the voltage of the pixel capacitance Cp is al- 
ready higher than the voltage in accordance with the 
voltage of the holding capacitance Ch, the buffer am- 
plifier 32 does not work. 

In the pixel having the above-mentioned struc- 
ture, the switching element 31 is turned on when a 
scanning signal is activated, thereby supplying a data 
signal of a pixel data to the holding capacitance Ch 
(for sampling) and holding the data signal in the hold- 
ing capacitance Ch by turning the switching element 
31 off (for holding). Therefore, the switching element 
31, the holding capacitance Ch and the buffer ampli- 
fier 32 form the sample and hold circuit Since the 
holding capacitance Cu is formed as a capacitance 
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element, a leak current is scarcely caused. Moreover, 
since the refresh signal is also activated once at this 
point, the voltage of the pixel capacitance Cp is de- 
creased down to the GND level by the ground line 34. 
When the refresh signal is deactivated again, the buf- s 
fer amplifier 32 supplies a current from the high vol- 
tage source line 36 so as to make the pixel capaci- 
tance C P have a voltage in accordance with the vol- 
tage of the holding capacitance C H , thereby charging 
the pixel capacitance C P . At this point, since the data 10 
signal is always at the voltage level between the 
level and the GND level, the voltage of the pixel ca- 
pacitance Cp which has been reduced to the GND lev- 
el is charged so as to have a voltage in accordance 
with the voltage of the data signal. 15 

As a result, the data signal supplied through the 
switching element 31 is held by the holding capaci- 
tance C H in each pixel. Therefore, whenever the vol- 
tage of the pixel capacitance Cp thus charged is de- 
creased due to a leak current, the buffer amplifier 32 20 
can compensate the decrease, thereby maintaining a 
clear display for a long period of time. Moreover, when 
a new data signal is supplied, the voltage of the pixel 
capacitance Cp is discharged through the switching 
element 33 to the GND level. Therefore, the buffer 25 
amplifier 32 can charge the pixel capacitance C P to a 
voltage in accordance with the new data signal by the 
unidirectional operation for supplying a current from 
the high voltage source line 36. Therefore, the alter- 
nating driving technique can be attained in which the 30 
polarity of the data signal is alternately changed with 
regard to the potential Vcom of the common line 35 as 
0 potential. 

Figure 1 1 is a circuit block diagram when the sam- 
ple and hold circuit of the pixel shown in Figure 1 0 ap- 35 
plies the master-slave system. 

In this circuit, the sample and hold circuit of Fig- 
ure 10 is replaced with two pairs of sample and hold 
circuits, one of which includes the switching element 
31 , a first holding capacitance Chi and the buffer am- ao 
plrfier 32 and the other of which includes a switching 
element 37, a second holding capacitance and a 
buffer amplifier 38. A data signal is supplied to the 
first holding capacitance Chi via the switching ele- 
ment 31 . The output of the buffer amplifier 32 in ao- 45 
cordance with the voltage of the first holding capac- 
itance C H i ^ supplied to the second holding capaci- 
tance Ch2 via the switching element 37. The output of 
the buffer amplifier 38 in accordance with the voltage 
of the second holding capacitance Ch2 is supplied to so 
the pixel capacitance C P . The switching element 31 is 
controlled to be turned on/off by a first scanning sig- 
nal, and the switching element 37 is controlled to be 
turned on/off by second scanning signal. One elec- 
trode of the second holding capacitance Ch2 is, as in 55 
the pixel capacitance Cp, connected to the ground 
line 34 via a switching element 39, which is controlled 
to Ka hirnpH on/nff hv a refresh signal. 
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In the pixel having the structure as shown in Fig- 
ure 10, if the writing period when the switching ele- 
ment 31 is on is long, the electric charge of the pixel 
capacitance Cp can not be rapidly changed. In the pix- 
el having the structure as shown in Figure 11, how- 
ever, the data signal having supplied to each pixel is 
first held by the first holding capacitance Chi acti- 
vating the first scanning signal. Then, after the first 
scanning signal is deactivated and the second scan- 
ning signal is activated, the buffer amplifier 32 charg- 
es the second holding capacitance via the switch- 
ing element 37, in response to which the pixel capac- 
itance Cp is charged by the buffer amplifier 38. There- 
fore, during the writing period when the first scanning 
signal is activated and the switching element 31 is on, 
the voltage of the pixel capacitance Cp is maintained 
by the second holding capacitance C^. As a result, 
a display based on the previous data signal can be 
maintained during the writing period. 

As a result according to the structure as shown 
in Figure 11, even when the writing period for supply- 
ing a data signal to a pixel is long, a display based on 
the previous data signal can be maintained during 
this writing period, and the electric charge of the pixel 
capacitance Cp can be rapidly changed by a second 
scanning signal. 

When a refresh signal is activated, the switching 
elements 33 and 39 are turned on, and both the pixel 
capacitance Cp and the second holding capacitance 
Ch2 are discharged. Thus, charging based on a new 
data signal can be attained. Moreover, in the structure 
as shown in Figure 10, when the switching element 33 
is on in refreshing the pixel capacitance Cp, a current 
flows from the high voltage source line 36 to the 
ground line 34 via the buffer amplifier 32. However, 
since the second holding capacitance is dis- 
charged at the same time in the circuit of Figure 11, 
such an undesired current can be eliminated, thereby 
decreasing the power loss in the pixel. 

Figure 12 is a circuit block diagram showing a 
specific structure for the pixel of Figure 11 . 

In this circuit, the sample and hold circuit of Fig- 
ure 11 is further divided into two. A positive data sig- 
nal is supplied to one of them, and a negative data sig- 
nal is supplied to the other, 

A data signal is supplied to one of the electrodes 
of the first holding capacitances C H n and Ch 12 via 
transistors Tn and Tr 2 , respectively. These electrodes 
are both connected to one electrode of the second 
holding capacitance Ch2 via transistors Tr 3 and Tr 4 , re- 
spectively. When the first holding capacitances Chu 
and Ch 12 are directly connected to the second holding 
capacitance Ch2 via the transistors Tr 3 and Tr 4 alone 
in this manner, the electric charge in the first holding 
capacitances Chu and Chi 2 is distributed to the sec- 
ond holding capacitance C^. Therefore, in order to 
avoid the influence by the voltage degradation, it is 
necessary not to turn on the transistors Tr t to Tr 4 at 
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the same time and to make the capacitance of the 
second holding capacitance Ch2 sufficiently smaller 
than those of the first holding capacitances C H n and 

Chi 2- 

One electrode of the second holding capacitance s 
Ct<2 is connected to the gate terminal of the transistor 
Its, whose source terminal is connected to one elec- 
trode of the pixel capacitance Cp. The drain terminal 
of the transistor Tr 6 is connected to the high voltage 
source line 36. w 

These electrodes of the second holding capaci- 
tance Ch2 and the pixel capacitance Cp are connected 
to the ground line 34 via the transistors Tr e and Tr 7 , 
respectively. Moreover, in the circuit of Figure 12, the 
other electrodes of the first holding capacitances Chu 15 
and C H12 and the second holding capacitance Ch2 are 
connected to the ground source line 34, thereby set- 
ting the base voltage of these capacitances at the 
GND level. The other electrode of the pixel capaci- 
tance Cp is connected to the common line 35. Thus, 20 
a buffer amplifier is formed as a voltage follower cir- 
cuit 

In the pixel having the above-mentioned struc- 
ture, the transistor T^ is turned on when a negative 
first scanning signal is activated, thereby supplying a 25 
data signal to the first holding capacitance Chu. 
When a negative second scanning signal is then ac- 
tivated, the transistor Tr 3 is turned on, thereby distrib- 
uting the electric charge to the second holding capac- 
itance Ch2- When the positive first scanning signal is 30 
activated, the transistor Tr 2 is turned on, thereby sup- 
plying a data signal to the first holding capacitance 
C H 12- When a positive second scanning signal is then 
activated, the transistor Tr 4 is turned on, thereby dis- 
tributing the electric charge to the second holding ca- 35 
pacitance C^. A refresh signal has been previously 
activated, thereby turning the transistors Tr 6 and Tr 7 
on to discharge the second holding capacitance Cw 
and the pixel capacitance Cp. Then, the transistor Tr 5 
supplies a current from the high voltage source line 40 
36 to the pixel capacitance Cp in accordance with the 
voltage of the second holding capacitance to 
which the electric charge has been distributed, there- 
by charging the pixel capacitance Cp. The pixel ca- 
pacitance C P is charged so as to have a voltage which 45 
is lower than the voltage of the second holding capac- 
itance C^ by the threshold voltage of the transistor 
Trg. The voltage of the pixel capacitance C P can be 
maintained by compensating the electric charge 
which wDI be decreased due to a leak current there- so 
after. 

In a conventional liquid crystal display apparatus 
of an active matrix driving system, as shown in Figure 
34, sample and hold circuits 13 are provided on the 
side where data signal lines 1 2 are disposed for sup- 55 
plying data signals to a liquid crystal panel 11 includ- 
ing a plurality of pixels. Data signals are serially input 
to shift resisters 14, and supplied to the respective 



sample and hold circuits 13 in sequence to be held by 
the respective sample and hold circuits 13. Then, one 
of scanning lines 1 6 is activated by a shift resistor 1 5, 
and the data signal is supplied to all the pixels 11a on 
the scanning line 16 simultaneously. However, when 
a data signal is supplied to the pixel via the transistor 
Tr 8 , which is controlled to be turned on/off by a select- 
ing signal, as in the circuit of this example shown in 
Figure 13, it is possible to construct a liquid crystal 
display apparatus as schematically shown in Figure 
14. 

In the liquid crystal display apparatus of Figure 
14, a matrix of the pixels 11a is disposed in the liquid 
crystal panel 11, and each of the pixels 11a is provid- 
ed with a switching element A driving circuit 20 is dis- 
posed in the peripheral portion of the liquid crystal 
panel 11 , and the driving circuit 20 is connected to the 
liquid crystal panel 11 via the data signal lines 12, 
scanning signal lines and the like. Therefore, when a 
sample and hold circuit is provided to each pixel 11a 
as in this example, the output of the shift resistor 14 
can be used as a selecting signal, and a data signal 
can be directly sent to each pixel 1 1a through the data 
signal line 12. 

Figure 15 is a schematic view of the structure of 
a liquid crystal display apparatus. The liquid crystal 
panel 11 occupies a display portion. According to this 
example, a scanning signal line driver 18 and a data 
signal line driver 19, which are not included in the dis- 
play portion, can be formed by the shift resisters 14 
and 15 and a timing generating circuit 17 (see Figure 
14) alone, resulting in a compact liquid crystal display 
apparatus. The circuit structure of each pixel 11a is 
not limited to the structure described in this example 
but includes the circuit structures according to other 
examples. 

Moreover, the transistors T^ to Tr a in the pixel 
shown in Figure 13 can be formed on a silicon semi- 
conductor substrate beneath the liquid crystal panel 
11 as is shown in a circuit layout of Figure 16. When 
all the transistors Tr, to Tr 8 are formed from an N- 
channel MOSFET alone, there is no need to form a 
well for a P-channel MOSFET on the silicon semicon- 
ductor substrate, resulting in a small circuit pattern 
area. 

Figure 17 shows a timing chart of each signal in 
driving the liquid crystal display apparatus of Figure 
1 3. The refresh signal is activated in every positive or 
negative field, thereby simultaneously discharging 
the pixel capacitances Cp in all the pixels. In the neg- 
ative field, a negative data signal lower than the Vcom 
is supplied, and a negative first scanning signal and 
a negative second scanning signal of Figure 13 are 
activated in sequence in every pixel. In the positive 
field, a positive data signal higher than the V COM is 
supplied, and a positive first scanning signal and a 
positive second scanning signal are activated in se- 
quence in every pixel. 
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In the liquid crystal display apparatus of Figure 
14, when an address selecting circuit used in an ordi- 
nary memory circuit is used in the liquid crystal panel 
11 , it is possible to randomly access each pixel 11a 

Moreover, it is possible to use a liquid crystal dis- s 
play apparatus 41 of this example together with a fast 
color variable filter 42 as is shown in Figure 18. When 
the timing is controlled to refresh each pixel so as to 
display an image based on a new data signal every 
time light having a wavelength of each color of the 10 
three primary colors passes through the fast color va- 
riable filter 42, one and the same pixel can display the 
images with the respective colors. Therefore, when 
the liquid crystal display apparatus has, for example, 
the same number of the pixels as in a conventional is 
display apparatus, a resolution three time as high as 
that of the conventional display apparatus can be at- 
tained. 

As is apparent from the above description, the 
display apparatus of this example can provide a prao- 20 
tical circuit in which a leak current from the pixel ca- 
pacitance can be compensated by using the holding 
capacitance and the buffer amplifier to maintain a 
clear display for a long period of time. 

25 

Example 7 

Figure 19 is a circuit block diagram for a pixel of 
this example, and Figure 20 is a time chart of a vol- 
tage applied to a pixel capacitance. 30 

In this example, a liquid crystal display apparatus 
of an active matrix driving system will be described. 

Each pixel of the liquid crystal display apparatus 
of this example has a sample and hold circuit As 
shown in Figure 1 9, each pixel has t he holding capac- 35 
itance C H formed on a substrate as a capacitance ele- 
ment and a pixel capacitance Cp including a liquid 
crystal provided as a display element To one elec- 
trode of the holding capacitance Ch is input a data sig- 
nal via a switching element 51 . This electrode of the 40 
holding capacitance Ch is connected to the input ter- 
minal of a buffer amplifier 52. The switching element 
51 is a circuit element which is controlled to be turned 
on/off by a scanning signal. The output terminal of the 
buffer amplifier 52 is connected to one electrode of 45 
the pixel capacitance Cp. This electrode of the pixel 
capacitance C P is connected to a ground line 54 via a 
switching element 53 and is connected to a recovery 
source line 56 via a switching element 55. The switch- 
ing elements 53 and 55 are circuit elements which are 50 
controlled to be turned on/off by a response recovery 
signal. For example, when the response recovery sig- 
nal is at a high level, the switching element 53 is on 
and the switching element 55 is off. When the re- 
sponse recovery signal is at a low level, the switching 55 
element 53 is on and the switching element 55 is on. 
The other electrodes of the holding capacitance C H 

... • ■• ^ - - /"> _ j» » _ _l A _ 

til IU II IO piACl iXapaKHU3IIOO wpuiw vvimvuww hi u wii. 



mon line 63. 

The buffer amplifier 52 is an amplifier which is op- 
erated by using a high voltage source line 57 and the 
ground line 54 as power supplies and has a large input 
impedance and a small output impedance. When the 
potential of the high voltage source line 57 is taken as 
Vee and the potential of the ground line 54 is taken as 
GND, the potential Vcqm of the common line 63 is set- 
tled at an approximately medium value between the 
Vee and the GND. Therefore, the buffer amplifier 52 
supplies a current from the high voltage source line 
57 so that the pixel capacitance C P has a voltage in 
accordance with the voltage of the holding capaci- 
tance C H , thereby charging the pixel capacitance Cp. 
The potential V R of the recovery source line 56 is set- 
tled to be the same as or smaller than the and suf- 
ficiently larger than the Vcom- 

At the beginning of each field, a response recov- 
ery signal whose level is changed between high and 
low at a rate of the cutoff frequency or more is sent 
to each of the pixels having the above-mentioned 
structure. Then, the switching elements 53 and 55 are 
alternately turned on and off repeatedly. 

In a liquid crystal molecule used in an ordinary 
liquid crystal display apparatus, the dipole in the hor- 
izontal direction is larger than the dipole in the verti- 
cal direction as shown in Figure 21. The frequency at 
which the dipole in the horizontal direction is equal to 
the dipole in the vertical direction is taken as a cutoff 
frequency as shown in Figure 22. When an alternating 
current with a frequency higher than the cutoff fre- 
quency is applied to the liquid crystal, the recovery 
characteristic i.e., the responding property, of the liq- 
uid crystal is improved. The cutoff frequency is sev- 
eral GHz in most of the liquid crystals generally used 
today, but a liquid crystal display apparatus having a 
cutoff frequency of several hundred kHz to several 
MHz can also be used. 

Therefore, as mentioned above, the potential V R 
from the recovery source line 56 and the potential 
GND from the ground line 54 are alternately applied 
to the pixel capacitance Cp as shown in Figure 20. As 
a result, the liquid crystal which is applied with an 
electric field by the pixel capacitance Cp can recover 
its responding property. Moreover, since the end of 
the response recovery signal is always at a high level, 
the pixel capacitance C P is discharged by the ground 
line 54 through the switching element 53. 

Since the polarity of the data signal is changed 
in every field in this example, after discharging the 
pixel capacitance Cp as described above, the data in 
the negative field is first displayed, for example, as 
shown in Figure 20. In the negative field, the switch- 
ing element 51 is turned on by activating a scanning 
signal, thereby supplying a data signal which is neg- 
ative with regard to the potential Vcqm to the holding 
capacitance Ch (for sampling), and holding the data 
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switching element 51 off (for holding). Therefore, the 
switching element 51 , the holding capacitance Ch and 
the buffer amplifier 52 form the sample and hold cir- 
cuit Since the holding capacitance C H is formed as a 
capacitance element, a leak current is scarcely s 
caused. Moreover, since the pixel capacitance Cp is 
discharged, the buffer amplifier 52 supplies a current 
from the high voltage source line 57 so as to make the 
pixel capacitance Cp have a voltage in accordance 
with the negative voltage of the holding capacitance 10 
C H , thereby charging the pixel capacitance Cp. At this 
point, the data signal is always at a voltage level be- 
tween the Vee and the GND. Therefore, the pixel ca- 
pacitance Cp whose voltage has once been de- 
creased to the GND level can be thoroughly charged 15 
to a voltage level in accordance with the voltage of 
the data signal. When the display of the negative field 
is over in this manner, a response recovery signal is 
sent again, thereby recovering the responding prop- 
erty of the liquid crystal and discharging the pixel ca- 20 
pacitance Cp. When the discharge of the pixel capac- 
itance Cp is finished, an image based on the data in 
the positive field is displayed. Also in the positive 
field, the switching element 51 is turned on by activat- 
ing a scanning signal. A data signal which is positive 25 
with regard to the potential Vcom is supplied to the 
holding capacitance C H , thereby displaying the data 
in the positive field in the same manner as described 
above regarding the negative field. 

As a result, in each pixel, the data signal supplied 30 
through the switching element 51 can be thoroughly 
held by the holding capacitance Whenever the 
voltage of the pixel capacitance C P is decreased due 
to leak current, the buffer amplifier 52 can compen- 
sate the decrease, thereby maintaining a clear dis- 35 
play during the field period. Moreover, since the liquid 
crystal is recovered for the responding property in ev- 
ery positive and negative field, the degradation in the 
display quality caused by the degradation in the re- 
sponding property of the liquid crystal can be avoid- 40 
ed. Since the pixel capacitance Cp is discharged, 
when a new data signal is supplied to each pixel, the 
voltage of the pixel capacitance Cp can be thoroughly 
charged to a voltage in accordance with the new data 
signal by the unidirectional operation of the buffer 45 
amplifier 52 for supplying a current from the high vol- 
tage source line 57. 

Example 8 

so 

Figure 23 is a circuit block diagram for a pixel of 
this example. 

In this example, the sample and hold circuit of Ex- 
ample 7 shown in Figure 1 9 is replaced with that of a 
master-slave system. 55 

In this example, the sample and hold circuit of Ex- 
ample 7 is replaced with two pairs of sample and hold 
circuits, one of which includes the switching element 



51, a first holding capacitance C m and the buffer am- 
plifier 52, and the other of which includes a switching 
element 58, a second holding capacitance C^ and a 
buffer amplifier 59. A data signal is supplied to the 
first holding capacitance C H i via the switching ele- 
ment 51. The output of the buffer amplifier 52 in ac- 
cordance with the voltage of the first holding capac- 
itance C H i » supplied to the second holding capaci- 
tance Ch2 via the switching element 58. The output of 
the buffer amplifier 59 in accordance with the voltage 
of the second holding capacitance is supplied to 
the pixel capacitance Cp. The switching element 51 is 
controlled to be turned on/off by a first scanning sig- 
nal, and the switching element 58 is controlled to be 
turned on/off by a second scanning signal. One elec- 
trode of the pixel capacitance C P is connected to the 
ground line 54 and the recovery source line 56 via the 
switching elements 53 and 55, respectively, as in Ex- 
ample 7. 

In the pixel of Example 7 shown in Figure 19, if 
the writing period when the switching element 51 is on 
is long, the electric charge of the pixel capacitance C P 
can not be rapidly changed. According to this exam- 
ple, however, the data signal supplied to each pixel is 
first held by the first holding capacitance Cm by acti- 
vating a first scanning signal. After the first scanning 
signal is deactivated and a second scanning signal is 
activated, the buffer amplifier 52 charges the second 
holding capacitance C re via the switching element 58, 
in response to which the pixel capacitance C P is 
charged by the buffer amplifier 59. Therefore, during 
the writing period when the first scanning signal is ac- 
tive and the switching element 51 is on, the voltage 
of the pixel capacitance Cp is maintained by the sec- 
ond holding capacitance Cw- As a result, the display 
based on the previous data signal can be maintained. 

As a result, in this example, even when the writ- 
ing period for supplying a data signal to a pixel is long, 
the display based on the previous data signal can be 
maintained during the writing period, and the electric 
charge of the pixel capacitance Cp can be rapidly 
changed by a second scanning signal. 

Example 9 

Figure 24 is a circuit block diagram for a pixel of 
this example. 

In this example, a circuit for decreasing the power 
loss is added to the circuit of Example 8 shown in Fig- 
ure 23. Switching elements 60 and 61 , which are con- 
trolled to be turned on/off by power save signal, are 
inserted between one power supply of the buffer am- 
plifier 59 and the ground line 54 and between the 
other power supply of the buffer amplifier 59 and the 
high voltage source line 57, respectively. 

In the Examples shown in Figures 19 and 23, 
when the switching elements 53 and 55 are alternate- 
ly turned on/off by the response recovery system, an 
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undesired current flows through the buffer amplifier 
52 or 59. In this example, however, the buffer ampli- 
fier 59 can be cut off from the power supply by acti- 
vating a power save signal during the response recov- 
ery. As a result, the power loss in the pixel can be de- 5 
creased. 

Example 10 

Figure 25 is a circuit diagram for a pixel of this ex- 10 
ample. 

All the transistors used in this example are 
formed from an N-channel MOSFET. Therefore, the 
response recovery signal is also divided into two 
types, a first response recovery signal for discharging 15 
and a second response recovery signal for charging. 
These two types of the response recovery signals are 
alternately activated. When the first response recov- 
ery signal is activated, one electrode of the pixel ca- 
pacitance Cp is connected to the ground line 54 via 20 
the switching element 53, and the gate terminal of the 
N-channel MOSFET in the buffer amplifier 59 is also 
connected to the ground line 54 via the switching ele- 
ment 62. As a result, an undesired current is prevent- 
ed from flowing through the buffer amplifier 59. When 25 
the second response recovery signal is activated, the 
gate terminal of the N-channel MOSFET in the buffer 
amplifier 59 is connected to the high voltage source 
line 57 via the switching element 55, thereby charging 
the pixel capacitance Cp. 30 

In this manner, in a pixel in which all the transis- 
tors are formed from a N-channel MOSFET, there is 
no need to form a well for a P-channel MOSFET on 
the silicon semiconductor substrate, resulting in a 
small circuit pattern area. 35 

Moreover, in this example, the first holding ca- 
pacitance Cm is divided into the first holding capaci- 
tances Chu and Ch, 2 , thereby holding the positive 
data signals in one and the negative data signals in 
another. Further, the circuit of this example is simpli- 40 
f ied as compared with that of Example 8 by omitting 
the buffer amplifier 52 between the first holding ca- 
pacitances C H11 and Ch 12 and the second holding ca- 
pacitance Ch2- However, when the buffer amplifier 52 
is omitted as in this example, the electric charge of 45 
the first holding capacitances C H n and Ch 12 is distrib- 
uted to the second holding capacitance C^. There- 
fore, in order to avoid the influence of the degradation 
in the voltage, it is necessary to make the capaci- 
tance of the second holding capacitance C^ suffi- 50 
cientiy smaller than the capacitances of the first hold- 
ing capacitances C H n and Cm 2 . 

As is apparent from the above description, a dis- 
play apparatus according to any of Examples 7 to 10 
can provide a practical circuit in which a leak current 55 
from a pixel capacitance is compensated by using a 
hrJHinn capacitance and a buffer amplifier so as to 
maintain a clear display for a long period of time and 



prevent degradation in the responding property of a 
liquid crystal. 

Figure 26 is a sectional view of an example of the 
structure of the liquid crystal display apparatus ac- 
cording to this invention. The liquid crystal display ap- 
paratus of Figure 26 utilizes a silicon gate MOS tran- 
sistor as a switching element 

This liquid crystal display apparatus includes a 
single crystal silicon substrate 77 and a field silicon 
oxide film 76 disposed on the single crystal siicon 
substrate 77. The field silicon oxide film 76 has 
throughholes 76a and 76b. Aluminum electrodes 74b 
and 74c, are formed on inside and bottom surfaces of 
the throughholes 76a and 76b and on the field siicon 
oxide film 76 in the vicinity of upper peripheries of the 
throughholes 76a and 76b, respectively. The single 
crystal silicon substrate 77 has a source area 79 be- 
low the aluminum electrode 74b and a drain area 78 
below the aluminum electrode 74c. 

Agate insulating film 81 and a gate electrode 80 
are disposed between the throughholes 76a and 76b. 
The gate electrode 80 is covered with a silicon oxide 
film or the like to avoid shortcircuiting with the alumi- 
num electrodes 74b and 74c Although the gate elec- 
trode 80 is formed of polysOicon in this example, other 
materials can be used. 

The aluminum electrodes 74b and 74c and the 
field silicon oxide film 76 are covered with a protective 
film 75 for protecting the MOS switching circuit The 
protective film 75 has a throughhole 75a above the 
aluminum electrode 74b. Inside and bottom surfaces 
of the throughhole 75a and the protective film 75 are 
superposed by a reflective film 74a also acting as an 
electrode. Although the reflective film 74a is formed 
of aluminum having a high reflectance in this exam- 
ple, other materials can be used. In order to reduce 
resistance caused by the contact of the reflective film 
74a and the aluminum electrode 74b, heat processing 
should be conducted after the reflective film 74a is 
formed. However, the heat processing roughens the 
surface of the reflective film 74a to lower the reflec- 
tance thereof. For the purpose of smoothing the sur- 
face of the reflective f Dm 74a to improve the reflec- 
tance thereof, a surface rubbing and smoothing proc- 
ess is conducted after the protective film 75 is formed 
and again after the above-mentioned heat process- 
ing 18 finished. 

An orientation film (not shown) is formed on the 
reflective film 74a The orientation film is formed by 
coating a polyimide resin on the entire top surface of 
the silicon substrate 77 bearing the reflective fOm 
74a, and then heating and rubbing the coated resin. 
A transparent electrode 72 is formed of ITO on a glass 
substrate 71 by sputtering. Another orientation f Dm 
(not shown) is then formed on the transparent elec- 
trode 72. 

A sealing resin is coated on the peripheral areea 
on he display pufuOn of oil^cr^.c Gi!!ccn c*jbc^t~ 77 
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bearing the components such as a circuit, or the glass 
substrate 71 bearing the transparent electrode 72. Af- 
ter opposing these two substrates 71 and 77 to each 
other, the sealing resin is cured. A gap between the 
substrates 71 and 77 adhered to each other in this s 
manner is filled with a liquid crystal material 73. In a 
display apparatus of a quick response system, the liq- 
uid crystal material and the display mode to be used 
are preferably those that can be used in the quick re- 
sponse system. The display material used in the pres- 10 
ent invention is not limited to a liquid crystal but in- 
cludes any materials having characteristics similar to 
those of a liquid crystal. 

Since a single crystal silicon substrate is used in 
this example, the techniques in the field of IC are ap- 15 
plicable in this display apparatus. Namely, various 
highly developed frontier techniques such as a fine 
processing technique, a method for forming a thin 
film with a high quality, a method for introducing an 
impurity with high accuracy, a technique for control- 20 
ling a crystal defect, a production and design method 
for a device or a circuit, and a CAD technique are ap- 
plicable. Therefore, a pixel can be further refined by 
using a fine processing technique for IC, thereby re- 
alizing a h ighly refined display which has not been at- 25 
tained until now. 

Figure 27 is a schematic view of the structure of 
the liquid crystal display apparatus of this invention. 
The apparatus shown in this figure includes a driving 
circuit, a data processing circuit such as an A/D trans- 30 
ducer and a data level corrective circuit, and a mem- 
ory circuit formed thereon. These circuits are provid- 
ed separately from the display panel in a conventional 
display apparatus. 

In this liquid crystal display apparatus, a single 35 
crystal silicon substrate 94 is adhered to a glass sub- 
strate 97 having the glass substrate 97 positioned in 
the center of the single crystal silicon substrate 94. A 
gap between the substrates 94 and 97 is f Died with a 
liquid crystal material (not shown). On the surface of 40 
the single crystal silicon substrate 94 facing the glass 
substrate 97, a LSI circuit including a switching ele- 
ment and the like is formed. Figure 26 shows the sec- 
tional view of an example of such a surface bearing 
a LSI circuit 45 

Figure 28 shows the position of the LSI circuit In 
the display apparatus shown in this figure, a matrix of 
pixels is formed on the single crystal silicon substrate 
94, and each pixel is provided with a reflective film 98. 
A LSI circuit 99 is formed between the single crystal 50 
silicon substrate 94 and each of the reflective films 
98. The LSI circuit 99 is specifically any of the circuits 
described in the above examples. 

A driving circuit 96 includes a scanning signal line 
driver, a data signal line driver and the like, and mainly 55 
includes a circuit for driving a switching element in 
each pixel. Specifically, the driving circuit 96 includes 
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nal, a refresh signal and various selecting signals, 
and timing control circuits required for the generation 
of these signals. 

The data processing circuit is formed in a signal 
processing area 95. A circuit formed in the signal 
processing area 95 and the structure thereof can be 
modified depending upon the function of the liquid 
crystal display apparatus or can be omitted. 

The substrate used in the display apparatus is not 
limited to the single crystal silicon substrate descri- 
bed above, but includes any other substrate. 



Claims 

1 . A display apparatus comprising: 

a plurality of pixels, each of which is sup- 
plied with a pixel data; 

a pixel capacitance for accumulating an 
electric charge in accordance with the pixel data; 

a holding capacitance provided to each of 
the pixels to hold the pixel data; and 

a buffer amplifying means for supplying 
the electric charge to the pixel capacitance in ac- 
cordance with a voltage of the holding capaci- 
tance. 

2. A display apparatus according to claim 1 , wherein 
the buffer amplifying means is a bidirectional am- 
plifying means for supplying positive and nega- 
tive charges to pixel capacitance in accordance 
with a voltage of the holding capacitance. 

3. A display apparatus according to claim 2 further 
comprising a charging load means having a load 
connected in parallel with the pixel capacitance, 
wherein the pixel capacitance is supplied with 
the positive and negative electric charges by the 
bidirectional amplifying means, and the positive 
and negative electric charges passes through the 
charging load means via the load. 

4. A display apparatus according to claim 3 further 
comprising a charging load control means for 
connecting the charging load means in parallel 
with the pixel capacitance during a charge supply 
period including at least a predetermined period 
from a start of supplying positive and negative 
electric charges based on a new pixel data from 
the bidirectional amplifying means to the pixel ca- 
pacitance, and for cutting off the charging load 
means from the pixel capacitance during any per- 
iod except for the charge supply period. 

5. A display apparatus according to claim 1 further 
comprising a refresh means which is controlled to 
be turned on/off by a refresh signal, wherein the 
pivAj capacitance is connected to a Dower supply 
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for discharging via the refresh means. 

6. A display apparatus according to claim 1 further 
comprising a responsive recovery means for re- 
peatedly applying positive and negative voltages s 
alternately to the pixel capacitance by a response 
recovery signal. 

7. A display apparatus according to claim 1 further 
comprising a preventing means connected be- 10 
tween a common line and a ground line, both of 
which are connected to the buffer amplifying 
means, for preventing a current flowing between 

the common line and the ground line through the 
buffer amplifying means. 15 

8. A display apparatus according to claim 1 , wherein 
all transistors used in an area where the plurality 
of the pixels are formed are of one kind selected 
from the group consisting of P-channel and N- 20 
channel. 

9. A display apparatus comprising: 

a plurality of pixels, each of which is sup- 
plied with a pixel data; 25 

a pixel capacitance for accumulating an 
electric charge in accordance with the pixel data; 

a first holding capacitance provided to 
each of the pixels to hold the pixel data; 

a display changing means which is control- 30 
led to be turned on/off by a display changing sig- 
nal; 

a second holding capacitance which is 
supplied with the electric charge by the first hold- 
ing capacitance via the display changing means; 35 
and 

a buffer amplifying means for supplying 
the electric charge to the pixel capacitance in ac- 
cordance with a voltage of the second holding ca- 
pacitance. 40 

1 0. A display apparatus according to claim 9, wherein 
the buffer amplifying means is a bidirectional am- 
plifying means for supplying positive and nega- 
tive charges to the pixcel capacitance in accor- 45 
dance with a voltage of the second holding ca- 
pacitance. 

11. A display apparatus according to claim 10 further 
comprising a charging load means having a load so 
connected in parallel with the pixel capacitance, 
wherein the pixel capacitance is supplied with 

the positive and negative electric charges by the 
bidirectional amplifying means, and the positive 
and negative electric charges passes through the 55 
charging load means via the load. 



comprising a charging load control means for 
connecting the charging load means in parallel 
with the pixel capacitance during a charge supply 
period including at least a predetermined period 
from a start of supplying positive and negative 
electric charges based on a new pixel data from 
the bidirectional amplifying means to the pixel ca- 
pacitance, and for cutting off the charging load 
means from the pixel capacitance during any per- 
iod except for the charge supply period. 

13. A display apparatus according to claim 9 further 
comprising a pixel data selecting means provided 
between a switching element and a data line for 
supplying the pixel data, the switching element 
being connected between the first holding capac- 
itance and the data line. 

14. A display apparatus according to claim 9 further 
comprising a refresh means which is controlled to 
be turned on/off by a refresh signal, wherein the 
pixel capacitance is connected to a power supply 
for discharging via the refresh means. 

15. A display apparatus according to claim 9 further 
comprising a responsive recovery means for re- 
peatedly applying positive and negative voltages 
alternately to the pixel capacitance by a response 
recovery signal. 

16. A display apparatus according to claim 9 further 
comprising a preventing means connected be- 
tween a common line and a ground line, both of 
which are connected to the buffer amplifying 
means, for preventing a current flowing between 
the common line and the ground line through the 
buffer amplifying means. 

17. A display apparatus according to claim 9, wherein 
a capacitance of the second holding capacitance 
is sufficiently smaller than a capacitance of the 
first holding capacitance. 

18. A display apparatus according to claim 9 further 
comprising a second buffer amplifying means 
connected between the first holding capacitance 
and the second holding capacitance. 

1 9. A display apparatus according to claim 9, wherein 
all transistors used in an area where the plurality 
of the pixels are formed are of one kind selected 
from the group consisting of P-channel and N- 
channel. 



12. A displav apparatus according to claim 11 further 
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